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INTRODUCTION
A desktop assessment of the surface water quality status of the Orange River catchment was required as input into the development of the Integrated Water Resource Management Plan (IWRMP) for the Orange River. The objectives of the study were:
• Collection and assessment of information in reports dealing with water quality
• Collection and assessment of water quality data on the Vaal and Orange Rivers
• Approach to water quality management
• Overview of water quality status
• Identification of issues and gaps.
Orange IWRMP water are substantial, the impact of these transfers on the water quality in the receiving streams and the Vaal River System needs to be considered in the future water resource planning of the Orange River basin.
The large urban centres are located around Johannesburg and on the east and west
Rand. These areas include industrial complexes and gold mining operations. There are many gold tailings dams located in these areas. The water quality in these areas are impacted on by discharges from the gold mines, seepages from the tailings dams, discharges from industry directly to the river, urban runoff and discharges from the large number of sewage treatment plants located in the urban areas. The return flows from these sewage treatment plants have resulted in the flows in many of the river systems exceeding the natural flows. The treatment works return a total volume of 824. The gold mines in the Upper Vaal WMA also discharge dewatering water into the Vaal River and its tributaries. The average volumes and TDS concentrations of the mine discharges are listed in Table 2 . as in the Virginia area of the Sand Vet River system. There is also some diamond mining taking place in the WMA. There will be water quality issues related to the current discharges and seepage from the mines. In the long term there are issues in dealing with the decant from the mines post closure. Options of treating and re-using the mine water are being investigated. These return flows impact on instream TDS concentrations and contribute significantly to the nutrient loads.
Lesotho
The runoff from the Lesotho Lowlands drains to the west to the Caledon River while the highlands drain to the south via the Senqu River to the Orange River. The lowlands area is susceptible to erosion and the Caledon River has transported large sediment loads causing extensive sedimentation of dams such as the Welbedacht Dam.
Lesotho is a source of significant quantities of good quality water. The transfer of water from the Lesotho Highlands to the Vaal Dam catchment results in a reduction in the volume of good quality water entering the Orange River. This will impact on the water quality of the Orange River and must be considered in future planning. 
Upper
WATER QUALITY MANAGEMENT APPROACH
The water quality management approach adopted by the South African Department of Water Affairs and Forestry is described in the Internal Strategic Perspective (ISP) documents for the Vaal and Orange WMAs. The approach is to identify priority catchments where water quality management is urgently needed. A two phase approach is typically adopted to develop a strategy for the catchments.
The first phase involves a water quality situation assessment which is followed by the development of a catchment management strategy (CMS) as the second phase.
The water quality situation assessment studies typically involve the following:
• Collection and assessment of instream surface water quality data;
• The studies may include an assessment of the groundwater;
• Identification of pollution sources;
• Assessment of compliance of discharges with licence conditions;
• Collection of information on water management on mines and industrial facilities;
• Division of study area into management units;
• Collection of hydrological and water requirement information;
• Setting of Resource Water Quality Objectives (RWQO);
• Design of monitoring systems.
The setting of instream RWQO is based on the South African Water Quality guidelines and the water users in the study area. The RWQO were specifically developed to protect the water users and to guide the management of pollution sources. The RWQO were set as ideal, acceptable, tolerable and unacceptable. The second phase involves the development of a CMS to specifically develop strategies to meet the RWQO.
The RWQO have to date been developed for the priority catchments to protect the users within the catchment. The assessment of the reports showed that the findings can be presented in two broad categories viz findings dealing with modelling and those describing the water quality situation. The list of reports collected is given in Appendix A.
Water quality modelling reports
The modelling reports described the calibration of the WQT hydro-salinity model on the Further models such as the NaCl suite of models has been applied to the Blesbokspruit and the Klip River to assess the impact of sewage treatment plant discharges on the receiving rivers. This work was done for ERWAT as part of the impact assessment process. The NaCl suite of models runs at a daily time step and models TDS. Nutrient modelling has also been undertaken on the Blesbokspruit and Klip River (Vaal Barrage Catchment) as part of the impact assessment process.
Water quality situation assessment reports
The water quality situation assessments have been undertaken on a number of catchments in the Orange River basin. The majority of the studies have been undertaken in the heavily mined areas of the Vaal River catchment. The results of the studies are that sets of RWQO have been established for a number of catchments. The water quality variables of concern differ between catchments but in general salinity as represented by EC, sulphate in the mining areas and nutrients as they relate to eutrophication are the common water quality variables of concern. The algae resulting from eutrophication has led to odour and colour problems in the intake water to water treatment plants which are not geared for dealing with eutrophic waters. 
OVERVIEW OF WATER QUALITY STATUS OF ORANGE RIVER BASIN
A brief overview of the water quality status in the main stem of the Vaal and Orange Rivers was undertaken. The approach used was to collect water quality data at key stations on the Vaal, Caledon, Fish (Namibia) and the Orange Rivers. The water quality data was accessed from the South African Department of Water Affairs and Forestry, Windhoek
Consulting Engineers and the Lesotho government databases and the details of the stations used in the analysis are listed in Table 3 . The data covering the period 1994 to 2004 was analysed. The following water quality variables were analysed to give an overview of the water quality status of the basin:
• Electrical conductivity which gives an indication of the salinity or TDS of the river system. The EC was compared to the South African water quality guidelines for agriculture (most sensitive crops) and domestic. • Sulphate which gives an indication of the extent of mining pollution. The sulphate concentrations have been compared to the Class 0, Class 1 and Class 2 water quality guidelines for domestic use.
• Ortho-phosphate (as P) which gives an indication of the nutrient levels and the potential for eutrophication of the river system. The South African Water Quality guidelines give the trophic status associated with different concentrations of inorganic phosphorus The concentrations associated with the different categories used in the water quality status assessment are summarised in Table 4 . The results are concerned is that the salinity aspects of the water quality meet their requirements but should not deteriorate any further.
• The salinity deteriorates along the stretch of the river from Vaal Dam to the Douglas weir. There is a significant deterioration in water quality from the Vaal Dam to the Vaal Barrage. This is due to the contributions from the Suikerbosrand, Rietspruit and Klip River catchments. This is largely driven by mine water sewage and industrial discharges as well as runoff from urban areas.
• The salinity in the Orange River from Lesotho to the confluence with the Vaal River is of good quality.
• The salinity deteriorates downstream of the confluence of the Vaal and Orange Rivers but still remains good. There is an increase in EC from the Prieska station to Vioolsdrift along the reaches of the lower Orange River. This is due to irrigation return flows and evaporative losses along the river.
• The measured EC data at Naute Dam on the Fish River (Namibia) showed that 93% of the EC reading met the Class 0 domestic water use guideline.
• The analysis of the water quality in the South Phuthiatsana River showed that the EC of the river is low with a maximum value of 25mSm. However, the orthophosphate concentrations are high with 43% exceeding 0.25 mg/l i.e. falling in the hyperthrophic range. The source of the ortho-phosphate is from the runoff from the settlements scattered throughout the Lesotho lowlands catchment.
• The ortho-phosphate pie charts show that the ortho-phosphate concentrations are 
ISSUES AND GAPS
The issues and knowledge gaps identified during this desk top overview of the water quality in the Orange River Basin are discussed in Table 5 
CONCLUSIONS AND RECOMMENDATIONS
The following conclusions and recommendations can be made as a result of this desktop study:
• The water quality has to be managed in conjunction with the development of the water resource for supply. The reduction in flow from Lesotho due to transfers to Vaal Dam could affect the water quality in the lower Orange. Similarly the management of the system to meet water requirements and generate hydropower should be coupled to the management of water quality;
• The salinity is currently being managed with releases of water for dilution from
Vaal Dam. The modelling tools have been set up to manager the salinity aspects of the water quality of the Orange River Basin. The consensus is that the salinity aspects of the water quality meet user requirements. However the water quality must not be allowed to deteriorate further.
• Many of the coal and gold mines are closing down and the workings are starting to fill and will decant some time in the future. Management strategies have to be developed to manage the filling process and the decants.
• Nutrients and the resulting algal growth are an issue. The modelling of nutrients has not reached the same level as salinity and the nutrient pathways are not well understood. Attention will have to be given to the development of modelling tools, management of point sources such as sewage works as well as diffuse sources associated with runoff from urban areas and agriculture. A nutrient management strategy needs to be developed.
• Currently very little information is available on pesticides and herbicides in the river systems. There is extensive agriculture on the banks of the Vaal and Orange
Rivers. The presence of these pollutant types should be determined by designing and carrying out a round of monitoring.
• An integrated water quality monitoring programme and data management systems need to be developed for the Orange River Basin. The monitoring programme should include discharge information.
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